A series of patients undergoing coronary artery bypass surgery was studied prospectively to see if angiographic evidence of cerebrovascular disease proved predictive of the incidence of neuropsychological deficit 8 days or 8 weeks after surgery. In 47 patients, intravenous digital subtraction angiography was carried out preoperatively to assess the presence and severity of atheromatous changes in the carotid arteries; 51% had evidence of vessel wall disease and 17% had stenosis of at least one carotid artery in the neck, although only one patient had severe narrowing. Overall, 77% of these 47 patients showed a neuropsychological deficit as defined by a significantly reduced score in at least two of 10 tests administered 8 days after surgery. Eight weeks after surgery 36% still showed a deficit. The incidence of neuropsychological deficit was not significantly greater among those patients with angiographically visible carotid artery disease. The mechanism of surgery-related cognitive impairment is briefly discussed in the light of these findings. (Stroke 1989;20:235-237) T he risk of stroke during or immediately after major cardiac surgery is well documented. Though hypotension with watershed infarction may occur, producing characteristic neurologic deficit, 1 -2 many such perioperative strokes are believed to be due to embolism.
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A series of patients undergoing coronary artery bypass surgery was studied prospectively to see if angiographic evidence of cerebrovascular disease proved predictive of the incidence of neuropsychological deficit 8 days or 8 weeks after surgery. In 47 patients, intravenous digital subtraction angiography was carried out preoperatively to assess the presence and severity of atheromatous changes in the carotid arteries; 51% had evidence of vessel wall disease and 17% had stenosis of at least one carotid artery in the neck, although only one patient had severe narrowing. Overall, 77% of these 47 patients showed a neuropsychological deficit as defined by a significantly reduced score in at least two of 10 tests administered 8 days after surgery. Eight weeks after surgery 36% still showed a deficit. The incidence of neuropsychological deficit was not significantly greater among those patients with angiographically visible carotid artery disease. The mechanism of surgery-related cognitive impairment is briefly discussed in the light of these findings. T he risk of stroke during or immediately after major cardiac surgery is well documented. Though hypotension with watershed infarction may occur, producing characteristic neurologic deficit, 1 -2 many such perioperative strokes are believed to be due to embolism. 3 Some have claimed that patients with previous stroke or carotid artery disease are at increased risk, but there are several studies that deny this. 4 -6 What has not been studied is the role of preexisting cerebrovascular disease in the genesis of the diffuse neuropsychological deficit encountered in up to 60-70% of patients immediately after coronary artery bypass surgery (CABS). Therefore, we have prospectively studied a series of patients undergoing CABS to see if angiographic evidence of atheroma in the cervical carotid artery proves predictive of diffuse cerebral disturbance as detected by serial neuropsychological testing.
into our study. Some of our general findings have been reported in a preliminary form.
810
The preoperative assessment included a careful neurologic history and examination and the administration of a battery of 10 neuropsychological tests including four computer-based tests (a symbol digit replacement test [three parallel forms], two forms of a nonverbal memory test, and a two-choice reaction time test), the Wechsler Adult Intelligence Scale (WAIS) block design subtest, the Rey auditory verbal learning test, the trail making test (A and B), the Purdue pegboard test, and the letter cancellation test. All tests were sensitive to diffuse change and were relatively free of practice effects. At the preoperative assessment only, two additional subtests of the WAIS (the vocabulary and picture completion subtests) were administered to assess premorbid intelligence.
Intravenous digital subtraction angiography was carried out preoperatively with mechanical injections of a nonionic contrast medium into the superior vena cava or right atrium. Biplanar views were obtained of both carotid bifurcations. The films were examined by a neuroradiologist who was unaware of the clinical and neuropsychological data and were scored as being normal or abnormal (showing wall irregularity due to plaque formation or stenosis when the lumen was reduced by at least 25% compared with the nearest normal-appearing part of the vessel).
The neuropsychological test battery was administered again 8 days and 8 weeks after CABS, with alternate forms of some of the tests as appropriate.
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The preoperative performance of the entire group of 78 patients on each test was used to calculate a standard deviation (SD), and a decline of >1 SD from an individual patient's preoperative score was considered to indicate impairment on that test. Patients were considered to have a neuropsychological deficit when they showed an impairment in at least two tests. Sixty-seven patients had complete data.
The incidence of neuropsychological deficit was then related to the angiographic evidence of atheroma of the carotid arteries. Detailed comparisons were possible in 47 patients who had all neuropsychological assessments completed and had successful angiography. (Because of the logistic difficulty of getting all examinations carried out before the patients went to surgery, only 55 had angiograms; in eight of these 55, data were missing on the neuropsychological tests).
Results
The preoperative assessment of the 47 patients revealed that four had a history of transient cerebral ischemic attack and that one had a history of stroke. Cervical angiography showed no sign of arterial disease in 23 patients; in 16 irregularity was thought to indicate atheroma, and eight patients had evidence of stenosis of at least one carotid artery. In only one of the eight patients, however, was the stenosis severe (80%). Atheromatous changes were present bilaterally in six of the 24 patients with changes. There were no significant differences in age, risk factors such as hypertension or diabetes, operative or bypass times, or incidence of operative hypotension between the group of 23 patients with normal angiograms and the group of 24 patients with abnormal angiograms (Table 1) .
Serial neuropsychological testing revealed that 77% of the 47 patients showed an impairment in at least two tests at 8 days after CABS; the impairment was still present in 36% of the 47 patients at 8 weeks. The incidence of neuropsychological deficit among the 24 patients with abnormal angiograms was 83% at 8 days and 42% at 8 weeks; among the 23 patients with normal angiograms, the corresponding figures were 70% at 8 days and 30% at 8 weeks (difference not significant, Table 1 ). All eight patients with stenosis of the carotid arteries showed neuropsychological deficits at 8 days (not significantly different from patients without stenosis), and by 8 weeks the incidence of neuropsychological deficit in this subgroup had fallen to 38%.
The pattern of test results differed somewhat between postoperative assessments (Table 2) . Eight days after CABS, the Purdue pegboard, letter cancellation, and symbol digit replacement tests most often indicated impairment. However, by 8 weeks after CABS all tests showed impairment less frequently; some (such as the memory tests) had changed little, suggesting a more stable defect. 
Discussion
The number of CABSs carried out is increasing each year, and CABS has now become the most common cardiac operation in the world. The operative mortality has fallen to approximately 3%, so attention is focusing on morbidity, much of which is cerebral.
A number of previous reports have addressed the problem of whether symptomatic or asymptomatic carotid artery disease adds to the risk of perioperative stroke during open heart or other major vascular surgery. Martin and Hashimoto" failed to find a relation between previous symptomatic cerebrovascular disease and the incidence of perioperative WAIS, Wechsler Adult Intelligence Scale; impairment, decline of >1 SD (calculated from entire group's preoperative assessment score) from individual's preoperative score.
•Computer-based test.
stroke. Ropper et al 6 examined the possibility that asymptomatic carotid artery disease might influence operative stroke risk. Of 735 unselected patients undergoing elective surgery, 104 had cervical bruits; only one of these 104 had an operation-related stroke. Of the 631 patients without a bruit, four had a stroke. Turnipseed et al 12 and Barnes et al 13 could also find no evidence that patients with evidence on noninvasive test of carotid artery stenosis were at greater risk for stroke during surgery. Finally, FurIan and Craciun 5 recorded a low risk of stroke with angiographically proven carotid artery stenosis even when the stenosis was bilateral. Most operationrelated strokes are thus believed to be embolic in origin and not due to the hemodynamic effects of carotid artery disease.
The main purpose of our study was to see if arterial disease in the carotid arteries contributed to the pathogenesis of the much-commoner complication of neuropsychological deficit after CABS. Breuer et al 4 found no preoperative predictors of the confusional state detected in 11% of their patients on the fourth day after surgery although postoperative hypotension was related to outcome. Our previous studies 810 and those of Shaw and colleagues 7 have shown that two thirds of individuals demonstrate impaired performance on batteries of neuropsychological tests 8 days after CABS. We found no convincing evidence that angiographic evidence of carotid artery disease was predictive of the development of such neuropsychological deficit. Although the incidence of impairments was slightly greater in patients with visible atheroma, results of no comparison were significant. Furthermore, neuropsychological deficit was common even in those patients with no angiographic abnormality. Few of our patients showed marked stenosis of the neck vessels, however, so we cannot exclude the possibility that hemodynamically severe vascular disease, especially if bilateral, would add to the risk of neuropsychological deficit.
The neuropsychological changes related to the length of time on bypass and (to a degree) to age. 8 Their mechanism has been much debated, there being evidence for both bypass-related hemodynamic disturbances 14 and microembolization. 13 In either case the presence of atheroma in the carotid tree might be expected to aggravate the problem, through either a direct hemodynamic effect or as a marker of likely intracranial vascular disease, which might be expected to influence the response to hypotension or repeated embolization. Our results show that neuropsychological deficits are common with or without carotid artery disease, with or without frequent episodes of hypotension, and with or without evidence of preexisting cerebral ischemic damage. Our preliminary results suggest that the frequency and severity of neuropsychological deficit can be reduced by additional arterial line filters, 16 strongly supporting the conclusion that embolism of small particles is more likely to be important than low blood flow in the genesis of this type of cerebral damage. Perioperative monitoring with transcranial Doppler ultrasonography documents the frequent occurrence of microemboli and their reduction by such filters. 16 Our finding that cerebrovascular disease is not a major factor in the development of postoperative neuropsychological deficit is also in keeping with this view.
